plants. Wehave already reported the isolation of antifouling substances: an acylated kaempferol glucoside2) from Quercus dentata Thunberg, and an acylated rhaponticin3) from Eucalyptus rubida. In the course of our further search to obtain repellents from other plant extracts, we found that ether extracts of the roots of wasabi, Wasabia japonica Matsum, and horse radish, Cochlelia armoracia L., showed repellent activity against the blue mussel M. edulis.
Here, wereport the repellent activity of isothiocyanates, the main pungent compounds, in wasabi and horse radish. The wasabi and horse radish pastes, which were prepared by crushing frozen roots, were extracted with ether at room temperature. After removing the solvent, the repellent activity of the residue against the blue mussel M.
edulis was tested using the improved bioassay method (Table I) ." To date, many isothiocyanates have been isolated from wasabi and horse radish pastes. Ally! isothioeyanate is knownto be the main pungent compound of wasabi and horse radish, and unnethylthioalkyl isothiocyanates41
and /J-phenyl ethyl isothiocyanates51 are present as minor pungent constituents.
It has been also reported that isothiocyanates had antifouling activity against the marine fouling organisms.61 Therefore, we expected that the repellent activity in wasabi and horse radish would be due to these isothioeyatates. The assay was carried out: on thick cardboard (Webron®, Toku&hu Seishi Co, Ltd.), sample zones (4cm in diameter) being drawn and each zone coated with one sample of each extract or compound. After the solvent had evaporated, four test mussels were fixed around the circumference of each zone. The assay plate was set at the bottomof an experimental aquarium with running sea-water, which was covered with a board to make it dark, and left for 3h. The mussels usually fix themselves on the plate by attaching manybyssuses, and if the sample was active, the mussels attached their byssuses outside the zone. The activity was estimated by the ratio of byssuses attached outside the zones to the total number ofbyssuses.1} Table II shows the repellent activities of isothiocyanates compared with that of cupric sulfate, one of the most popular antifouling substances, as a positive reference. All of the tested isothiocyanates showed repellent activity. It is noteworthy that co-methylthioalkyl isothiocyanates were much more active than the other alkyl and aryl isothiocyanates, and that /?-phenyl ethyl isothiocyanate was slightly more active than benzyl isothiocyanate. This is the first time that the isothiocyanates have been found to have repellent activity against the attachment of the blue mussel.
One of the active isothiocyanates in the wasabi and horse radish, 6-methylthiohexyl isothiocyanate, was subjected to a conventional submerged assay in the Mochimuneharbor of Shizuoka City. The sample mixed with polyvinyl butylal resin was fixed in a sample zone (5 cm in diameter) on a polyvinyl chloride resin board. The amount of isothiocyanate was six-to ten-fold the minimumdose (+ +). As shown in Fig. 1 , apparent repellent 3325 activity was observed after treating the assay board for three or four months. That is, the repellent activityjudged by the improved assay was also observed by the conventional submerged method, although only with one example. This improved assay method proved convenient for a first screening in the search for antifouling compounds.
